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AliSTKACT 

The purpose of our studies has beer to determine the effects of 

trypanocldal drugs on the replication ol k.'nutoplast (mitochondrlal) 

nNA.  We have also been Interested in determirlns the mode of action of 

trypanocldal drugs. Our approach to resolving this problem includes 

investigating various enzymes in host and trypanosomes, studying the 

effects of trypanocldal drugs on enzyme systems Isolated from trypano- 

somes and studying the structure and transcription ability of purified 

klnetoplast DNA.  U'e are interested in determining the reason for the 

unique selective toxicity of known trypanocldal drugs. 

Our primary results and conclusions for the first year are: 

1. Little homology exists between C. fasciculata purified 

klnetoplast and nuclear DNA; 

2. The trypanocldal drugs berenil, ethidium, bromide, and 

suramin Inhibit JE. coll DNA and RNA polymerases; 

3. Suramin is a potent inhibitor of E. coll RNA polymerase. 

The inhibition can be reversed by increasing concentrations 

of DNA and enzyme; 

A.  Isolated mitochondria have RNA polymerase activity; 

5. Action spectral evidence has conclusively demonstrated the 

presence of cytuchrorae o and cytochrome 333 in T. mega, 

B. culicls and L. tarentolac. 
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FORWARD 

In conducting the research described in this report, the Investigators 

adhered to the "Guide for Laboratory Animal Facilities and Care", as 

promulgated by the Committee on the Guide for Laboratory Animal 

Resources, National Academy of Sciences - National Research Council. 
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APPROACH TO THE rxOBUM 

The numerous ami nocessarily speculate points raised In our discussion 

of trypanocldal drug action are now mostly capable of experimental 

verification with currently available techniques and data from related 

fields of cell biochemistry.  Given the necessary attention, this largely 

neglected but important field should yield results of considerable value, 

not only for an understanding both of trypanocldal ''rug action and of 

trypanosomal metabolism, but for cell biology in general. This is the 

purpose of this contract.  So far as trypanocldal drug design is concerned, 

the era of intelligent cmperlclsm is unlikely to be superseded until the 

balance of effort and expenditure on drug production is adjusted more 

favorably in the direction of research on the metabolism of trypanosomes 

and on the mechanisms whereby existing drugs exert their specific effects. 

Our approach to the problem of developing new trypanocldal agent. 

includes investigating: 

1. The effects of trypanocldal drugs on enzyme systems isolated 

from trypanosomes; 

2. Detailed comparisons of homologous enzymes In host and 

trypanosomes; 

3. Unique cell components or metabolic pathways in parasites; 

4. The basis of the selective toxlclty of known drugs. 
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l'i:  HACKGROUND 

African trypanosomlasis   is confined  to Africa \iy the distribution of 

its vectors.     T.   gnmbicinse   infection occurs over a broad  belt  from Senegal 

in the west  to  the great lakes Victoria,  Albert,  Benguelo,  and Tanzania 

in the cast,   extending as  far sough as north Angola.     T.   rhodcsiense Is 

located  In east  and  central Africa and   is scattered over a  longitudinal 

band   from the south Sudan to Mozambique.     The   importance of  trypanosomlasis 

of m .n and animals  In Africa has been summarized recently by Kershaw (1)   in 

the statement: 

"The World  Health Organization In determining the ten 

major health problems  facing mankind places trypanosomlasis 

of man and  his domestic animals high on the list along with 

mlaria,   cancer  and heart diseases." 

The need  for new trypanocldes cannot be overemphasized.    At  present, 

chemotherapy of  African trypanosomlasis  is dependent  on a  relatively  small 

number of  synthetic drugs   (Figure 1).     Suramln   (I) and pentaraldlne   (II)  are 

used  for prophylaxla and treatment of  early stages of   the disease  In man. 

Organic arsenicals such as tryparsamlde   (III)   and melamlnyl compounds   (IV) 

are used for advanced  cases,  when trypanosomes have Invadec  the central 

nervous system.     The disease  In cattle and other domestic animals  Is con' rolled 

by quaternary ammonium trypanocldes  (Antryclde   (V),  Ethldlnm (VI), 

Protliidlum  (VII),  and  related drugs)  and by the aromatic dlamldlne,  Berenll 

(VIII).    As pointed  out recenti.y by Newton  (2),   resistance has been reported 

to occur against  all  these drugs and development of resistance to  one 

CMpound  Is often accompanied by cross-resistance to another. 
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In  bynian  rrypanosoaiasls,  ther.-   ; ;  still an urgent   TIV-   'er.ent for a 

cheap,  simply        linistered  and well   tolerated,   preferabl •' "•:-—shot" drug 

which would  ;.•    in effective a prophylactic  as pentamidint-  ..'i active 

therapeuticaily  against all   stages of   the  infection  in both Gambtan and 

Rhodesian  sleeping sickness.     It  should  also be   incapable of  inducing drug 

resistance and active  also against   strains with acquired  resistance to 

other drupa. 

Possibly the two  requirements of prolonged  tissue retention  (for 

prophylaxis) and  ability, to penetrate Into the  cent-al nervous system are 

mutually exclusive,  but with  increasing  knowledge of  the structure and 

function of the so-called "blood-brain barrier",   this problem should not 

be insuperable. 

In none of  the active drugs Is the mode of  action precisely known.     An 

excellent review on the mode of action of  trypanocldal drugs has been 

prepared  by Williamson   (3).     More  recent  studies have suggested that 

berenil and ethldium bromide form complexes with DNA.     In the case of 

ethidium,   it is clear  this drug is a potent' and  selective inhibitor of 

DNA synthesis.     It has been  shown by several Investigators that both 

phenanthrldlnes and acridines combine with DNA by the heterocyclic 

chromophcre of the drug molecules becoming Inserted,  or  intercalated, 

between the adjacent  base pairs in the double-stranded  helix  of DNA.     Such 

intercalation  is  achieved by a partial uncoiling  of the DNA helix which 

results  in the base pairs above and  below the bound drug molecule becoming 

separated  by twice their normal distance   (2). 

More  recently,   it  has been shown that phenanthridines also bind to 

supercolled DNA of the  type  found  in certain turaor viruses,  mitochondria of 

_ ^  ^ 
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Min types and   ki i •'     ■       r   of  tfypMW>MMMS< '<-' is 0Vid«nc« 

tli ■ ; •     .  i jü bind prt-Ur.f v   t ■) such DNA  in vj       and give ri.sc-   t« 

dv 'plastic  trypa.'i' . •      .   (4)   and  "petite mat.,   t.s"  of   yeast   (3> . 

The r.i'Uoilar basis of  thii  .-.eferential binding   I .  not yet  fully 

understood.     The findings  chat  have been observed  cjuld adequately explain 

the growth  inhibitory activity of  phenanthridine drugs but   it  remahiS to 

be established whether their primary action on bloodstream forms of 

trypanosomes   Is to inhibit  DNA synthesis. 

Berenll,   an aromatic diamidine, has been shown to interact with DNA 

and  can selectively block klnetoplast replication   (6,  7).     The earliest 

reported  effect observed ef berenil  is  the localization in the kine; >plast 

of T.  brucei.     This has been detected by ultraviolet microscopy within an 

hour of a curative dose being injected  intraperitoneally into infected 

mice and within seconds of   the drug being added  to an in vitro suspension 

of trypanosomes  (7).     Kocent work has shown that  berenil can form 

complexes with purified DNA,  but   in contrast  to phenanthridines,  there  is 

good  evidence  that  the complexes  are not   formed  by  intercalation   (8). 

A detailed examination of klnetoplast DNA isolated  from berenil- 

treated T.   cruzi has  shown  that many of  the small circular DNA molecules 

appear as branched  structures  (6).    These forms,  which are  thought  to 

be replicative molecules,  are rarely seen in control preparations,   suggesting 

that berenil does not   block  the replication of klnetoplast DNA at  initiation 

but binds preferentially to certain specific points In the circular DNA 

molecule.     As   for phen.'nLlirIdines,   it cannot  be said what  is thfc primary 

effect of  beienil or  other dia.-nidines on  trypanosomes. 



The mode ot     .     bom of suramin  rt'.iu v-. enigmatic  evt*n af-- •-   noru than 

a half century ot   'i..o.    J^n vitro ntposur«   sf  trypanosome i  to  auraaii at 

concentrations as   Low   Iü  10~5 M is known  LO  reduce their  intVci wity whereas 

concentrations as* lush as  10~2 M do not .iitict  the motllity o:  r.spiration 

of colls.     As would  be expected  from its structure,   the drug biads avidly 

to basic proteins and  is  known to  inhibit many  Isolated enzymes  (3). 

The most sensitive enzymes examined appear to be hyaluronidase,  inhibited 

at 10~5-10~6 M,  fumarase,   inhibited at ca.   10"7 M, urease at pH 5 

(ca.   lO-4 M),  hexokinase   (10"4-10'5 M),  and RNA polymerase   (10-5 M)   (9). 

The ready absorption of this drug by plasma proteins may well account  for 

the long retention time of the compound in man and animals and contribute 

to its value as a prophylactic agent.     The question of how a molecule as 

large as suramin enters trypanosomes is an interesting one and it seems 

possible that, w'    n protein bound,   suramin actively stimulates pinocytosis. 

As with the  other drugs that we have discussed,   there  Is evidence that 

suramin becomes localized  in lysosomes.       Again whether this  is important 

to the trypenocidal  retion of  the drug or whether  It  is a secondary 

phenomenon  is unknown. 



RESULTS AND 1. .CUSS ION 

The resulcs shall be discussed In sections containing ..^ecific areas 

that we have Investigated.  All the topics investigated relate to the 

specific objectives of the project. 

A.  Homology and Kinetoplast DNA aud Nuclear DMA 

One of the specific objectives is related to determining the 

functional capacity of K-DNA.  In this regard we have attempted to study 

the homology of the RNA synthesized in vitro which is complementary 

to the C.  faaciculata K-DNA used as template.  Complementary RNA was 

synthesized with £. fasciculata RNA polymerases I and II and E. coll 

RNA polymerase.  The standard reaction mixture was increased 20 fold. 

Purification of the complementary RNA was following procedures outlined 

by Tabak and Borst (10). The results of these hybridization studies 

are presented in reference 9.  It was determined that the complementary 

RNA did not hybridize with C fasciculata nuclear DNA (N-DNA) but 

did hybridize with K-DNA. 

Regardless of the RNA polymerase employed, there was no difference 

in the ability of the complementary RNA synthesized from C. fasciculata 

K-DNA to hybridize with C. fasciculata K-DNA or N-DNA.  The 

complementary RNA hybridized 42-45% with K-DNA but only 1% with N-DNA. 

Our results would «uggest little homology between K-DNA and N-DNA. 

The hybridization procedures employed detected little homology between 

C. fasciculata K-DNA and N-DNA, regardless of the RNA polymerase 

enzyme used to synthesize the complementary RNA (9). 
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3.     Preparation oi I urlfied Kinetoplast:  n;ii  'luclear DNA 

Our  initial  efforts were devoted  fcoiMrJti obtaining a pure 

preparation of C.   faac iculata and  Leptomon-ij sp.   K-DNA and  N-i-.Vi. 

This was obtained  by  procedures previously described   (9).     The 

purity of the K-DNA and  N-DNA preparations can be observed  in Figure 

2 of Ref.   9.    It can clearly be seen that both preparations have only one 

component of DNA present and is not contaminated by other cellular 

DNA.    We are proceeding to use Leptomonas sp.  DNA because the organisms 

are easier to break in order to isolate the DNA.     They break at 100 psi. 

In contrast,  C.   fasciculata is very resistant  to breakage.     In 

addition,  Leptomonas sp.   is much more sensitive   than C.   fasclculata 

to the trypanocldal drugs whose mod _ of action we wish to study.    We 

first observed this high sensitivity of trypanocldal drugs to this 

organism  (11). 

C. Preparation of  E.   coll DNA and RNA Polymerases 

These enzymes have been prepared by several procedutcs.    The E. 

coll DNA polymerase that we are using has been prepared by the method 

of Jovin et^ jil.   (12).     The E.  coli RNA polymerase has been prepared by 

the procedure of Chamberlin and Berg  (13).    The previous research 

experience of Dr.  Dalbow has been extremely helpful in prepar'ng large 

and purified  quantities of  these enzymes. 

D. Preparation of Mitochondrlal RNA polymerases from £.  .fascj^ul^t^ 

This task has been extremely difficult but some preliminary success 

has been obtained.     Several approaches have been tried.     Initially,  we 

studied the ability of mitochondria  isolated from C.  fasclculata to 

 — 
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synthrisl^? RNA.     Results from three experiments are  si„.;:iarized In 

Table ].     I'he results demonstrate the ability of  th«s-    iLtochondria 

to synchesIze RNA. 

Mitochondrial RNA polymerase  is membrane-bould and   itü  isolation 

and  purification usually leads to its  instability.     We have thus 

attempted  to  Isolated a K-DNA and RNA polymerase complex  from C. 

fasciculata.    We hope that by isolating a transcription complex that 

this would be more stable after isolation.    The isolated transcription 

complex was prepared by modifying the procedure used for isolating the 

K-DNA.    No proteolytlc enzymes or RNase were added during the 

isolation procedures.     Advantage was taken of  the property of the 

klnetoplast network to be of such large molecular weight   (e.g.   10 X 

101" daltons),  so as to permit the separation of the K-DNA and RNA 

polymerase from the N-DNA by sucrose density gradient centrifugation. 

The results of a preliminary experiment are seen in Table 2.    These 

results demonstrate the sensitivity of the complex to DNase and RNase. 

In addition the synthesis of RNA was sensitive to rifamplcin,  an 

inhibitor of mitochondrial RNA polymerase. 

While this procedure has produced positive results, we have 

considered Isolating an intact mitochondrial preparation from 

Lcptomonas sp.    Then we shall evaluate the RNA synthesis activity in 

the presence of trypanocidal drugs.    In relationship to our specific 

objectives, we shall then be prepared to characterize the properties 

of  the RNA synthesized  In vitro  hy the K-DNA. 
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K.     Kffects of   Vai     >U3 Trypanocldal  l>rir. •    ..i K-DNA-Dtrcct(i(l  RSi» Jyntht^sls 

The  purif L'-.i   K.        'i  DNA polymer.:r.f ,  '. •  e been used  to study 

in vitro the K-DNA-diractad  RNA synthesis.     As can be seen by     vis 

. 
ri'port,  both Lepto.-u p JS sp.   and C.   fasc Lc-n !.ita N-DNA and  K-ONA hive 

i 
been used.    The properties of  the enzyme system have been carefully 

studied.    The results of three experiments are summarized  In Figures 2 

and  3.     The synthesis of RNA and K-DNA is dependent on the amount of 

K-DNA present and  the amount  of enzyme.    The concentration of K-DNA 

used in these studies is 0.4 ug/60 ul of reaction or 13.3 ug/ml.    The 

concentration of E.   coli RNA polymerase used was 0.05 lJg/60 pi. 

Table 2 in reference 9 presents the results supporting evidence for 

the K-DNA-dlrected  RNA synthesis.     The reaction is dependent on DNA, 

nucleotides and Mn*-*". 

The effects of three trypanocldal drugs have been studied in order 

to observe their effects on K-DNA directed RNA synthesis. These drugs 

arc ethidium bromide, berenil and suramin. The effects of these drugs 

can be seen in Figure A. The drug effect at the lowest concentrations 

is ethidium bromide. The inhibition produced by berenil and suramin 

can also be observed. 

The inhibition of  ethidium bromide and berenil was investigated to 

see  if a preferential  inhibition was observed for circular   (K-DNA) or 

lim   r  (N-DNA)   (Table 3).     No preference for circular UNA was observed. 

The effects of these  trypanocldal drugs on the K-DNA-directed RNA 

synthesis was studied when the K-DNA was native as well   as alkaline 

denatured.    The average of  results for three exper i.raeuLi> for each drug 

can be observed   in Figures A-6.    There is a slight  pref -rence for 
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natlvc K-DNA b>' ethidium bromide   (•    •   '? 5).    Suramin   i." : ■ i t Ion is 

significantly creator with nativt-  K-U •     (Figure  7).     In '•'<       ise of 

berenil,  a greiLur   inhibition of  K-!);;.«   lirected RNA synt  •    .  .: occurs 

when the template  is denatured. 

The mode of action of  these drugs  is not known.     As previously 

mentioned  in the background  section,  while these drugs arc effective 

and  inhibit trypanosomes,   there remains to be a clear  identification of 

their mode of action.     A continued  investigation of their biochemical 

effects on trypanosomes  is necessary if we are to identify their 

chemotherapeutic action. 

F.     Effects of Suramin on K-DNA-Directed RNA Synthesis 

As noted  in Figures 4  and  6,   the trypanocidal compound  suramin 

inhibits K-DNA-directed  RNA synthesis.     This inhibition  is markedly 

decreased  if the K-DNA is denatured and then used as template  (Figure 

7).     We have devoted  some  time to studying the mode of  ret ion of this 

drug and how its inhibition can be reversed. 

The kinetics of RNA synthesis in the absence and presence of 

suramin are presented  in Figure 8.     RNA synthesis by DNA-dependent 

RNA polymerase can be  separated   into three distinct processes: 

1. Binding of  enzyme  to  specific  sites on the DNA template to 

form a DNA-enzyme complex; 

2. Initiation ot  RNA synthesis by reaction of  the DNA-enzyme 

complex with purine nucleotides to form a stabilized   initiation 

complex; 

3*     Polymerization of  four kinds of nucleotides into RNA chain 

under  the direction of the DNA template. 
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Aa can be s«-^-.   Li   figure 8,   surntnin   ;       hits the  reaction   :       Jded 

after  initiation has     .:curred   (at  plus   >     . -.zas),     Thus,   s;ir !:nLi i.iust 

be   inhibiting beyond   ' ae   initiation step o.     :;A synthesis and    .    'i'öly 

at   the polymerizatiiJa   lev.-l   of   transcription of  K-DNA.     It  wouici   chus 

be  preventing the polymerization of the nucleotides  into an RNA chain 

under the direction of the K-DNA template.     Whether   it  also  inhibits at 

the binding or  initiation levels cannot be conclusively demonstrated in 

this experiment. 

The next question we have tried to answer is what   type of inhibition 

is  the suramin inhibition.     The decrease  in inhibition when the K-DNA 

is denatured  suggests  that  the  secondary structure of  the K-DNA is 

important   in suratin  inhibition.     Using native DNA we have determined 

that  K-DNA reverses the  inhibition of suramin  (Table 4 and Figure 9) 

and  that this inhibition  is noncorapetitive for the K-DNA  (Figure 10). 

The  present  inhibition of  the  suramin on the RNA polymerase  is seen in 

Figure 11. 

Suramin Inhibition of  RNA synthesis could also be  reversed bv 

increasing concentrations of   the enzyme.    The results  of  these 

experiments can be seen in Table 5 and Figures 12-15.     Evidence is 

presented  in Figure 13 that  the  inhibition of suramin for the  RNA 

polymerase is competitive  for enzyme.    The  inhibition  is similar to the 

type of  inhibition reported  for kanchanoraycin  (14).     Kanchanomycln, an 

antibiotic produced  by a Streptomyccs species,   is also a non-competitive 

inhibitor  for DNA and  a  competitive  inhibitor  for  RNA  polymerase. 

Suramin  inhibits the K-DNA-directed RNA synthesis but   i.-- most   effective 
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if   it   has a  «jhance to  react  wit ;  :-v  RNA polyaer.iL. ■  '•   »rp  the K-DNA. 

In Table  6 are presented  the  i-^   ics of  three Mperlnksncs.     If the 

enzyme and  K-1)NA are pre-lncubati-'c',   the inhibition by   ■ iraain is 30% 

less than  if  suramin is pre-incubated with the K-DIIA or  enzyme. 

Our  hypothesis at the  present  time  is that suramin competes with the 

K-DNA for  initiation sites on the RNA polymerase.    We  also believe 

at  high concentrations of  suramin  (0.25 mM)  some allosteric  inhibition 

of the enzyme occurs.     Whether the mode of action of  suramin in 

vivo is on the DNA and RNA synthesis in trypanosomes has not yet been 

determined. 

G.     Effects of Trypanocldal Drugs on K-DMA-Directed DNA Synthesis 

The effects of ethidium bromide,   berenil and  swamin on K-DNA- 

directed DNA synthesis is presented  in Figure 15.    All three drugs 

observed  inhibited K-DNA replication in vitro.    Again no preference 

for circular DNA was observed. All three drugs observed inhibited 

the K-DNA-directed DNA  synthesis at  lower levels than they  inhibited 

K-DNA-directed RNA synthesis.    The concentration of DNA polymerase 

(0.008 iig/60 pi) used was approximately 6-fold greater than the RNA 

polymerase.    Thus the greater  inhibition of these drugs on the DNA 

polymerase reflects a greater sensitivity of DNA synthesis to ethidium 

bromide,  berenil and suramin. 

H.     Identification of Cytochrome si by Action Spectra 

In order  to obr.erve the effects of  trypanocldal drugs  on the 

electron transport  system,   it  is  necessary to know all  the components 

of  the cytochrome system  in cyanide-sensitive trypanosomes.     We have 
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• •   -o lusively identified,   ty photochemical n-ii!   of CO-inhibit inn  uf 

;■-•;;>: rat Ion,   that  cytochrome o  is present   in  . : /p.inosomes   (15).     Tl-.-j 

o;f, inlüms included Vryp tno^oma mega,   Blastocr i    üdia  cullcls and 

I.<? Lshmania tarentolae.     The electron system is  thus branched with two 

terminal oxldase   (16).     Ua are now in a position to determine what  the 

effects are of  trypanocldal drugs on the formation of  the electron 

transport system. 

  
J 
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0MCLU3IONS 

The  first  year  of   this contract  has hi"±n productive.     The ■   tin 

conclusions are: 

1. Little homology exists between C.   fasclculata purified  kinetoplast 

and nuclear DNA; 

2. The  trypanocidal drugs berenil,   ethidium bromide,  antrycide 

and  suramln inhibit E.  coll DNA and  RNA polymerases; 

3. Suramln is a potent inhibitor of E.   coll RNA polymerase.    The 

inhibition can be reversed by increasing concentrations of DNA 

and enzyme; 

A.     Isolated mitochondria have RNA polymerase activity; 

5.    Action spectral evidence has conclusively demonstrated the 

presence of  cytochrome o and cytochrome aa-} In T. mega, 

B.  culicis and L.  tarentolae. 
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K .^COMMENDATIONS 

As previously noted, the mode of action of trypanocidal drugs is nut 

known.  We recommend a continued effort to determine the mode of action of 

some of the more effective drugs including berenil, antrycide and suramin. 

In these studies, we believe it is important and essential to couple the 

investigation of the mode of action of these drugs in vitro with their 

effects on pathogenic trypanosomes in mice or rats. These studies are 

essential if we are to develop a more rational drug development approach. 

We would recommend that careful consideration be given to the systems 

to be used.  It should be remembered that there is still no in vitro 

model for the in  vivo infection in mice or rats of trypanosomiasis.  In 

order to determine the mode of action of the drugs, one must consider the 

drug effects on the host-parasite system. 

Support should be considered for studying the techniques required for 

maintaining the bloodstream forms in vitro. At the present time, this is 

not possible for any significant period of time.  In addition, more research 

is needed on the pathobiology of trypanosomiasis.  Little information is 

available on the pathogenesis and pathology of this group of diseases which 

make up the tsetse-transmitted animal trypanosomiasis of Africa. 

 = =  
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1 

TA3Lt   1 . 

rv.A  s ,.; tu'sis   Capacity [icochondria]  Pr  :••■ ■   ion from C.  fa:.cieulACa 

Additicms Perci nt   Inhibitio:i 

Preparation + R.Nase   (100 /if;/ml) 

+ DNase   (100 /Jg/ml) 

+ rifmnycin  (0.25 rri-I) 

+ Surarain   (0.25 mM) 

+ acriflavine  (0.25 mM) 

+ ethidium bromide   (0.25 mM) 

47.8 

11.1 

29.9 

AS. 5 

20 yil of the mitochondrial  preparation from C^ fasciculata was added  to 
a total volume of   60 ^1 of  reaction mixture.     Tha  inhibitors v;as pre- 
incubated at 40C for  5 minutes with the reaction mixture  and  then  the 
reaction was allowed  to proceed  for  30 minutes at  370C.     Acriflavine 
stimulated the  reaction 13%  and  ethid\um bromide caused a  162 stimulation. 
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TABLL  2. 

RMA Synth.jois  Capacity  ot   C.   fascicuiata KNA Poly:".-; ,.ie - K-DNTA Comple: 

Additions 

Complex + DNase   (100 ^.ig/ir.l) 

+ RiN'ase   (100 >ig/ml) 

+ Rifampicin  (0.25 mM) 

+ Suramin  (0.25 mM) 

+ tfC-amanltin  (40 /xg/ml) 

+ actinomycin D  (0.25 mM) 

Percent   Inhibition 

100 

100 

41.5 

0 

28.6 

40.6 

20 /il of the transcription complex was added to a total volume of 60 ^JI 
reaction mixture.  The control counts were 327 cpm.  The reaction with 
inhibition was pre-incubated at 40C for 5 minutes and then incubated at 
370C for 30 minutes. 
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TABLE  3. 

Effect  of  Berenll and  Ethidiun BromLd« on  thrj E_.   ypli   '■'■'•■ 
PolymeLMj-  !'..:.iction Using Lggtogon;  ■ sp.   K-UNA and  N-n::.'., 

Drug 
Concentration 

(nuM) 

Percent Inhibition 

K-ÜNA N-DNA 

Berenil 

0.25 

0.06 

0.03 

80.5 72.0 

36.6 42.8 

18.2     Al.5 

Ethjdium Bromide 

0.06 

0.03 

0.003 

90.0 87.3 

85.3 73.4 

3.7 17.5 

0.4 /ig of Leptomonas  sp.  native K-DNA was present.     The 
final concentration of the E^ coli PvNA polynerase was 
0.05 ^ig/60^1. Ttie total reaction mixture  including drug 
and enzyme was   incubated at Aoc  for 5 minutes and   then 
at  37° for 30 irinutes. 
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..•.'.Lhl A. 

Efi«Ct  of Increasin:,     .:uentration-;  of  C.   '  isc iculata K-DNA 
on  ehe  Inhibition or   Li,   coll RNA Polyrneras     üoiction by Suranl 

DNA Suramin 
Concentration Concentration 

Ojg/60 ^1) (■N) 

O.A - 

O.A 0.08 

1.2 0,08 

3.6 0.08 

Percent 
Inhibition 

88.6 

72.6 

61.9 

; 

The DNA concentration refers to the amount of native C. fasciculata 
K-D.\A in the 60 pi  reaction mixture.  The final concentration of 
enzyme was 0.05 >jg/60>il.  Suramin was incubated at A0C for 5 
minutes with the total reaction mixture and then the reaction was 
allowed to continue for 30 minutes at 370C. 

L 
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TABLE 5. 

Effect of I-• r-.-as Ing the Conr.'• t • • ! jn of Enzyn.o  on ?urr''in 
Inhibition oi    •:. coll RKA Fol> ;-:r .• Reaction 

Enzyne 
Concentration 

(jig/SO pi) 
Co 

Surar. in 
ncentrat Lon 

iwH) 

0.05 

0.05 

0.30 

— 

0.125 

0.125 

Percent 
Inhibition 

97.7 

71.0 

0.4 ^ig of native Leptomonas sp.  K-DNA was used as   template. 
Suramin was incubated at 40C for  5 minutes with the total 
reaction mixture and  then the reaction was allowed  to 
continue  for  30 minutes at   370C. 
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TALLU 6. 

Effect   ol   the "rder of   Cii ! Addition  t>f  Suramin,   K-DMA and 
Enzyne  oa  the   [tlhibltlon  oi   the E.   cull  RNA Poly.nerase  Reaction 

Reaction 
Mixture 

Component(a) 
Added at 
Zero Time 

Percent 
Inhibition 

Control 

Control 

DNA + Enzyme 

DNA + Enzyme + 
Suramin 

0 

60.3 

Suramin + 
K-DNA 

Enzyme 93.2 

Suramin + 
Enzyme 

Enzyme + 
K-DNA 

K-DNA 

Suramin 

90.6 

63.6 

Various components were added and i-ncubated with the reaction 
mixture for 5 minutes at A0C.  The f;nal component was then added 
and the reaction began by incubation at 370C for 30 minutes. 
0.4 ug of Leptomonas sp. K-DNA was present. The final concentration 
of E. coll RNA polymerase was 0.05 /ig/60 pi. 
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FIGURE LEGEJDS 

Figure  1.       Structure of various trypanocidal drugs. 

Figure 2. Effects of Increasing concentrations of Leptomonas sp. K-DNA on 
RNA synthesis. The concentration of E. coll RNA polymerase was 
0.05 VJg/60 |il, 

Fir.ce 3. Effects of increasing enzyme concentrations on the Leptomonas 
sp. K-DNA-dlrected synthesis of RNA. The K-DNA concentration 
was 0.4 iig/60 yl. 

Figure A.       Effects of various concentrations of ethidium bromide,   suramin 
and berenil on Leptomonas sp.  K-DNA-directed RNA synthesis. 
The concentration of E.   coll RNA polymerase was 0.05 ug/60 yl. 
The concentration of K-DNA was 0.4 pg/60 yl. 

Figure 5.       Effects of ethidium bromide on Leptomonas sp.  K-DNA-dlrected 
RNA synthesis.     Both native and alkaline-denatured K-DNA was 
added.    The concentration of  E.  coll RNA polymerase was 
0.05 vig/60 yl.    The DNA concentration was  0.4 pg/60 ul. 

Figure 6.      Effects of berenil on Leptomonas sp. K-DNA-dlrected RNA 
synthesis.     Both native and alkaline-denatured K-DNA was added. 
The concentration of K-DNA used was 0.4  ug/60 yl.     The 
concentration of  E.  coll RNA polymerase was 0.05 yg/60 yl. 

Figure 7.       Effects of suramin on Leptomonas sp.  K-DNA-dlrected RNA 
synthesis.    Both native and alkaline-denatured K-DNA was 
added.    Th° concentration of K-DNA used was 0.4  yg/60 yl.    The 
concentration of  E. coli RNA polymerase was 0.05  yg/60 yl* 

Figure 8.       Kinetics of the suramin  inhibition of Leptomonas sp. K-DNA- 
directed RNA synthesis.     0.08 mM suramin was added just  prior 
to Incubation and  at 5 minutes after incubation. 

Figure 9.       Effects of increasing concentrations of Leptomonas sp.   K-DNA 
on suramin inhibition of RNA synthesis.     The concentration of 
E.  coli RNA polymerase was 0.05 yg/60 yl. 

Figure  10.    Lineweaver - Burk plot of suramin inhibition of Leptomonas sp. 
K-DNA-directed RNA synthesis as K-DNA concentration is 
increased. 
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Figure 11.     Bffact  o£   increasing K-DNA concentrations   m tlu-      r.iibition of 
Leptoraonas sp.  K-DNA-diroctod RNA synthesis by suranlo«     The 
JE.   ciU L  RNA polymerase concentration was 0.05 Ug/60 vl- 

Figure 12.     Effect  of  increasing enzyme concentration on  the   inhibition by 
suramin o£ Leptomonas sp.   K-DNA-diracted  synthesis of  RNA.    The 
concentration of  K-DNA was 0.4  vig/60 yl. 

Figure 13.    Lineweaver - Burk plot of   suramin inhibition of  Leptomonas 
sp. K-DNA-directed RNA synthesis as enzyme concentration is 
increased. 

Figure 14.    Effect of increasing concentrations of enzyme on suramin 
inhibition of Leptomonas sp.  K-DNA-directed RNA synthesis. 
The K-DNA concentration was 0.4 ug/60 yl. 

Figure 15.     Effect of various concentrations of ethidium bromide,  berenil 
and suramin on the Leptomonas sp. K-DNA-directed DNA synthesis. 
The concentration of K-DNA was 0.4 yg/60 pi. The concentration 
of E.  coll DNA polymerase was 0.008 ug/60 ul. 



26 

F^utft    I 

NnSO, 

n 
( I ) ••'-NIAMHUN*. 

/> Mt I ANSI. N 
/ OXlOt 

A» 

CM^-CO HHi 
/ 

*? I „Axr- 
HO A» — ONq 

! 

(IK )  I»yPAM',AWiCfi 

.1 

CH. 

( '.' I ANIMTCIO»- 

N'     ^>        "(.H, 

( v.:) PAofHiiMu»" 

(d  MEL   0 

^ 
\        1 

(il) LtMirX'JM 

(va) (^R=NII 

•mmmmm. 



V7 
F K .4* ■* 

ro 
CPM x 1000 

•^ 0) 



17 

Vyc^ufU  3 

■ 

0001 x WdO 



F.t»aÄ£ 4              j 

•J 
o 
Ö 

8 8 
NOIlieiHNI lN30ä3d 



u 

c.  ^JII RNA POLYMERAöc 
L «totnogg sp. K-DNA 

o 9 NATIVE K-DNA 
•—• DENATURED K-DNA 

TnjUÄt 

100- 

ETHIDIUM BROMIDE 

= 50- 

QiH-i 
0.03 C06 0.10 0.20    0.25 

ETHIDIUM BROMIDE (mM) 



f 
3/ 

Fi^uiie    i: 

N0I1I8IHNI lN30d3d 



3» 

R^Uftc c        / 

100 

E. COM RNA POLY.V<£RASE 
Ltptomonos sp. <-DNA 

•o NATIVE K-DNA 
-• DENATURED K-DNA 

 ■*» 

SURAMIN 

-L J_ 
0.06       0.125 0.20    0.25 

SURAMIN (mM) 



3J 
Ti^uAt 9 

E.coil RNA Polymeras« 
Laptomonot sp. K-DNA 

+ 9 MIN 

V-A-^-A- * A   ZERO TIME 
0 5 10 15      25 45 

TIME (min) 



fKj^u'L   Q 

3000 
E.coilRNA.aCtyMERASE 
Dpf ocTKcct jp. K-DNA 

4000 

3000 

Q. 
Ü 

2000 

1000 

CONTROL 

0.06 mM 
SURAMIN 

0.08 mM 
SURAMIN 

0.1     0.2    0.3   0.4   0.5    0.6 
DNA (>ug/60>j|) 



s'a 
PlCjUft*.   It 



r.Quiet 1/ 

100 

80|- 

»- 
CD 
1 
I 60 

40- 

20- 

E.ccli ^NA POLYMERASE 
Leptomonot tp. K-DNA 

O.I2&mMSURAMIN 
9                        o o                                      0 ~b 

^^^^ 

•^■V« 
^^ä 0.08 mM 

• V^^ 

- 

^ 0.06 mM 

 1 1 L,        .J..      .1 
0.1     0.2    0.3    0.4    0.5    0.6 

DNA (>jg/60jul) 



37 
FI^UäC    2. 

48 -   E-COHRNAPOLYWERASE 
Leptomonot sp. K-ONA 

0.08 mM SURAMIN 

_i i    i    i    i i »    i    ■ i    i 
0.2        0.3 0.4 0.5 

ENZYME CONC. (>jg/60>il) 



,-fr pKjuat.  ii 

< < 

£ Q 

* 

8 

8t 
ÜJ ij 

0001 x 

J 



'" 
j 

i4 

L coH      RNA POLYMERASE 
L»ptomonoi sp. K-DNA 

100 • 

80 • 
g 
CD 

-   60t 
h- 
Z 
UJ 
Q ■ 
^   40 + 

20 • 

08mM SURAMIN 

0.06mM SURAMIN 

0.1     0.2    0.3    0.4   0.5 
ENZYME C0NC.(>jg/60jul) 

j 



yd Pi^uat   15 

NOIliaiHNI lN30d3d 


